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| NTRODUCTI ON

Rai nbow trout (Oncorhynchus mykiss) popul ations in the upper
Yaki ma R ver Basin have increased due to reduced conpetition from
decl i ning popul ati ons of steel head, chinook sal non, and coho
sal nron (Campton and Johnston 1985). Changi ng popul ation
abundances have increased the potential for interactions between
rai nbow trout and steel head.

The Washington Departnent of WIldlife (WDW) began
investigating resident and anadronous fish interactions within
the Yakima River Basin in 1989. Interacti ons between steel head
and rainbow trout in the upper Yakinma River Basin (above Roza
Dan) were of special concern because spawning interactions
bet ween steel head and rainbow trout could adversely affect the
rai nbow trout population or affect the success of supplenentation
prograns (Pearsons et al. 1993).

St eel head spawning distribution and timng in the Yakima
River Basin were investigated as part of Nati onal Mari ne
Fisheries Service (NMFS) radio-telenetry studies, conducted from
1989 to 1993 (Hockersmth et al. 1994). Pearsons et al. (1993)
recomrended conducting a simlar study to identify the spawning
distribution and timng of rainbow trout in the upper Yakina
River Basin, in order to conpare spawning interactions between
rai nbow trout and steel head.

In 1993, NMFS, in cooperation with WOW proposed a |-year
radi o-telenmetry study to determne the spawning distribution,
timng, and behavior of rainbow trout in the upper Yakinma River

Basi n.
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Specific objectives were to:
1) Determne the spatial and tenporal spawning distributions
of rainbow trout in the upper Yakinma River Basin.
2) Describe postspawni ng behavior of rainbow trout in the
upper Yakima River Basin.
3) Determne the magnitude and causes of nortalities to

rai nbow trout that were radio-tagged.
MATERI ALS AND METHODS

Study Area

The Yakima River flows 349 km southeast fromits headwaters
in the Cascade Range (elevation 746 m) to its confluence with the
Colunbia River (elevation 91 m) near Richland, Washington,
draining an area of 15,941 km?. This study was linmted to the
upper Yakima River Basin above Roza Dam (river kiloneter (RKm)
205.9), with enphasis on the Yakinma River canyon section of the
mainstem (Fig. 1). Mijor tributaries in the upper Yakim River
Basi n include Unptanum Creek, WIson Creek, Cherry O eek,
Manasht ash Creek, Taneum Creek, Swauk Creek, the Teanaway R ver
and the e Elum River. For study purposes, the mainstem Yaki ma
Ri ver was subdivided into sections similar to those described by
McM chael et al. (1992) (Table 1). Johnson (1964), Fast et al.
(1991), and McMchael et al.. (1992) provide additional

descriptions of the study area.



Teanaway River

@ Kachess
Reservoir

Keechelus
Reservoir

Swauk Creek

Cle Elum

n Dam
Easto Aver

-Town Diverslon Dam
Taneum Creek
Wilson Creek

Manastash Creek

Umptanum Creek

Location of rainbow trout radio-telenetry

Figure 1.

ch'erry Creek

Yakima River

Rosa Dam

study, 1993.




4

Tabl e 1. Section descriptions and locations in the mainstem
upper Yakima R ver.

Section Description RKm
Lower Canyon Roza Dam to Unptanum Creek 206- 225
Upper Canyon Unptanum Creek to Ringer Rd Access 225-239
El | ensburg Ringer Rd Access to Town Diversion Dam 239-258
Thor p Town Diversion Dam to Teanaway River 258-283

Cle Elum Teanaway River to Ce Elum R ver 283-299
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Radi o Tags

Radi o tags were purchased from Advanced Tel enetry Systens,
Inc'. Each tag was powered by a 3.7-V lithium battery and had a
life span of at least 5 nonths.

The transmtter and battery were sealed in a 5.5-cmlength
by 1.0-cm-diameter epoxy capsule and weighed 9.0 g in air (3.6 ¢
in water). Each transmtter had a 21.0-cm flexible externa
whi pantenna attached to one end. The tags transmtted on 1 of 9
frequenci es spaced 10 kHz apart (30.17 Miz to 30.25 Miz). The
bandwi dt h of each pul se provided individual identification codes

for each tag.

Survei |l l ance Equi pnment and Procedures
Two types of telenetry receivers were used to |ocate tagged

fish during the study. Both types operated on 12-V DC and

consisted of a radio receiver, data processor, internal clock
and data | ogger. Data | oggers recorded nonth, day, hour, mnute,
tag code, and receiving antenna nunber. The first type of

recei ver (Mddel SRX-400) was purchased from Lotek Engi neering

I nc. These units were used in vehicles, boats, and as fixed-site
noni t or s. The second type of receiver was devel oped and

manuf actured by NMFS el ectronics shop personnel and had a higher
scanning rate than Lotek receivers (1.5 vs 13.5 seconds per
cycle). These units were used in vehicles, boats, airplanes, and

as fixed-site nonitors.

! Reference to trade names does not inply indorsenent by National
Marine Fisheries Service
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Sel f-contained, fixed-site nonitors were installed to record
the presence and activities of radio-tagged fish in specific
ar eas. A fixed-site nonitor consisted of a receiver system
power supply, antenna switching box, and either single or paired
ant ennae. Surveillance data from fixed sites were downl oaded and
processed at |east once per week.

Tuned- |1 oop antennae' were used to nonitor fish in a general
area or to nmonitor fish passage by the conbination of two
antennae (one upstream and one downstrean). Locations and
antennae configurations for fixed-site nonitors were determ ned
from consultation with WOW and are indicated in Table 2.

Aerial surveillance of the upper Yakima River and its mgjor
tributaries was conducted once per week, weather permtting.
Locations of radio-tagged individuals were determned from
| atitudi nal and |ongitudinal coordinates provided by a gl obal
positioning system

Mobile telenmetry receivers were used twice per week from
taggi ng through the spawning period and once per week after
spawning to collect information on fish |ocations.

Turbid water conditions and the renoteness of some |ocations
during spawning limted direct observations of rainbow trout
spawni ng. Spawning locations and timng were designated when a
fish noved out of its prespawning hone range and subsequently

returned or established a new hone range.



Tabl e 2.

Locations and antennae configuration for

telemetry nonitors.

fixed-site

Moni t or Moni t or Moni t or Ri ver Ri ver Antennae Antennae
number l ocation type km number | ocation
71 Prosser Dam Lot ek Yaki ma 75.4 1 Across
12 Roza Dam NVFS Yaki ma 204.6 1 Across
15 Ri nger Road NMFS Yaki ma 238.9 1 Acr oss
51 W son Creek NVFS W son 0.8 1 Across
52 Cherry Creek NMFS Cherry 0.2 1 Acr oss
53 Manat ash Creek Lot ek Manasht ash 0.4 1 Across
54 Teanaway River NVFS Teanaway 0.4 1 Acr oss
13 Town Diversion Dam Lot ek Yaki ma 258. 4 1 Downst r eam
13 Town Diversion Dam Lot ek Yaki ma 258.4 2 Upstream
14 Easton Dam Lot ek Yaki ma 324.0 1 Downst r eam
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Col l ection and Taggi ng

Rai nbow trout were collected using DC el ectrofishing
equi prent operated froma drift boat by WDW personnel on 5 and
8 March. Fi sh were captured in the early norning hours
(0200- 0600 hours) on the day of tagging and held in a 0.9-mhigh
by 1.2-m-long by 1.2-m-wide |ive-box near tagging |ocations.
Taggi ng was perforned at five locations, two in the upper canyon
section and three in the |ower canyon section. Twenty-five
rai nbow trout were tagged from each of the upper and |ower canyon
sections. Two additional rainbow trout, one each on 7 and
13 April, were surgically tagged with transmtters recovered from
nortalities.

Fish were anesthetized in a 19-liter bucket containing a
100 mg/L solution of tricaine nethanesul fonate (Ms-222). After
exam nation for tags, injuries, and stage of sexual maturity,
fish were neasured and wei ghed. Only fish weighing nore than
300 g were radio-tagged to limt the weight of the transmtter to
| ess than 3% of the fishes' weight, as reconmended by Wnter
et al. (1978) .

Taggi ng techniques were similar to those described by Hart
and Sumerfelt (1975), Mellas and Haynes (1985), Reinert and
Cundal I (1982), and Ross (1982). Surgical tools and transmitters
were sanitized in a solution of benzal konium chloride. After
placing the fish into a tagging cradle (ventral side up), a radio
transnmitter was surgically inplanted into the body cavity by
making a 3-cmincision in the md-ventral bodywall. The incision

was closed with 3 to 5 individual stitches of prepared,
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absor babl e, brai ded polyglycolic acid suture and a 19-mm CE-4
quarter-round cutting needle. The transmitter's antenna was
t hreaded through the body cavity and out the base of the caudal
peduncl e. Baci guent, an antibiotic ointrment, and Betadine were
applied to the suture and antennae exit areas to prevent
i nfection. Average surgery time was 10 m nutes.

Rai nbow trout were also externally marked with individually
nunbered Hallprint T-bar anchor tags for identification in the
sport fishery. Fish were allowed to recover in fresh water until
they regained equilibrium at which tinme they were placed in a
[ive-box in the river. Fish were released after approxi mately
30 mnutes. Tagging data for individual rainbow trout are

i ndi cated in Appendi x Table A
RESULTS

Spawni ng Behavi or

Fifty-two rainbow trout were surgically inplanted with
radi o-tags, half each from the |ower and upper canyon sections of
t he upper Yakima R ver. Rai nbow trout initiated spawning
mgrations in response to increased flow and water tenperature
(Fig. 2). Mgration data for individual radio-tagged rainbow
trout are indicated in Appendi x Table B. Most spawning fish
m grated upstream within the mainstem Yakima R ver except for
four fish that noved downstream to spawn in Urptanum Creek.
Rai nbow trout mgrated from 0.3 kmto 87.2 km but the majority
(71% mgrated less than 15 kmto spawn (Fig. 3). Spawni ng
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mgrations ranged from 1 to 30 days in duration; however, the
majority (91% were conpleted in less than 16 days (Fig. 4).

O the 52 radio-tagged rainbow trout, 75% (39 fish) spawned
during 1993. Radi o-t agged rai nbow trout spawned from RKm 212.1
to RKm 298.8 in the upper mainstem Yakima River and in three
tributaries to the mainstem (Unptanum Creek, Cherry Creek, and
t he Teanaway River). In 1993, 82% (32) of the fish spawned in
the mainstem Yakima River (Fig. 5). Spawni ng | ocations and
timng of individual radio-tagged rainbow trout are indicated in
Appendi x Tabl e B. The majority (71.8% of the radio-tagged
rai nbow trout spawned in the mainstem Yakima River between Roza
and Town Diversion Dans. Radi o-tagged rai nbow trout that spawned
above Town Diversion Dam were only from the |ower canyon section
popul ati on.

Rai nbow trout spawned between 24 March and 11 May during
1993 and renmi ned on the spawning grounds from 1l to 34 days (nean
10.8 days). \Water tenperature during spawning ranged from 7.2°C
to 10.6°C. Peak spawning occurred earlier in |ower elevations
(Unptanum Creek and the canyon sections of the mainstem Yaki nma
River) than in higher elevations (Teanaway R ver and sections of

the mainstem above the Yakima River canyon) (Fig. 6).
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Radi o-tagged rai nbow trout were not observed spawning wth
steel head during 1993. However, radi o-tagged rainbow trout and
‘steelhead spawned at simlar tinmes and locations in the Teanaway
River during 1993 (Hockersmth et al. 1994). Spawni ng by radio-
tagged fish in'the Teanaway Ri ver occurred during two periods,
from15 to 24 April and from5 to 21 My. Duri ng each of these
peri ods, one radio-tagged steel head and one, radio-tagged rai nbow
trout entered the drainage within 50 hours of each other. One of
the steel head spawned in the Wst Fork of the Teanaway R ver
after the radio-tagged rainbow trout mgrated back into the
Yaki ma R ver. However,. the other radio-tagged steel head and
rai nbow trout pair not only entered the Teanaway River wthin
50 hours of each other but returned to the Yaki.nma River within

1 hour of each other.

Post spawni ng Behavi or

Prespawni ng hone range, postspawning hone range, and post-
spawni ng behavior for individual radio-tagged rainbow trout are
sunmari zed in Appendi x Table C Thirty-seven percent (14 fish)
of the radio-tagged rainbow trout returned to prespawni ng hone
ranges after spawning- (Fig. 7). New hone ranges were established
by 13 fish (34%), with 4 fish establishing new hone ranges near
spawni ng | ocati ons. Ten fish (29% noved out of the study area,
died, or disappeared within the study area after spawning.
During the sumrer, rainbow trout utilized shoreline habitats
adj acent to the main current, wth overhanging vegetation or
undercut banks for cover. Sunmmer honme ranges were between

0.0 and 0.9 kmin linear distance (nmean = 0.35 knj.
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Mortality

(observed nortality for radio-tagged rai nbow trout was 13%
(6 fish) (Table 3). Although no acute tagging nortality was
observed, one tagging nortality occurred 35 days after release.
Post spawning nortality was 6% (3 fish). Mortality due to
predation was 4% (2 fish).

Seven radio-tagged rainbow trout noved out of the study area
downstream past Roza Dam (three prior to spawning and four after
spawni ng) . Three of these fish remained stationary in the
tailrace of Roza Dam and possibly died. The remaining five fish
were not subsequently |ocated by aerial surveys of the entire
Yaki ma Ri ver Basin.

Four radi o-tagged rainbow trout (6% disappeared within the

study area, possibly due to tag malfunction or illegal harvest.
DI SCUSSI ON

O the 52 wild rainbow trout radio-tagged in the upper
Yakima River Basin to determne spawning distribution, timng,
and behavi or, 75% spawned in 1993. They spawned between
RKm 212.1 and RKm 298.8 in the mainstem Yakima R ver and in three
tributaries to the mainstem (Cherry Creek, Umptanum Creek, and
Teanaway River); however, rainbow trout have also been reported
to spawn in the following Yakina River tributaries: Badger
Creek, WIlson Creek, Dry Creek, Manashtash Creek, Taneum O eek,
Swauk Creek, and Big Creek (Hindman et al. 1991, McMichael et al.
1992, Pearsons et al. 1993).
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Tabl e 3. D sposition and observed nortality of radio-tagged
rai nbow trout.

Di sposition Nunber of fish

Nunber tagged 52
Acute tagging nortality (< 2 days)

Del ayed tagging nortality (> 2 days)
Predation nortality

Post spawning nortality

Prespawning novement out of the study area
Post spawni ng novenent out of the study area

S~ B wow D e O

D sappearance within the study area
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The majority of spawning mgrations were less than 15 kmin
di stance and were simlar to the average 12.6 km migration in the
Sal non River Basin, |ID, reported for rainbow trout by Bjornn and
Mal | et (1964).

Rai nbow trout spawned between 24 March and 11 May in 1993,
when water tenperatures ranged from 7.2°C to 10.6°C. Spawni ng
occurred earlier in lower elevations than in higher elevations, a
distribution simlar to that found by McMichael et al. (1992) and
Hindman et al. (1991).

Overall nortality was 13%, with the majority of |osses
occurring after spawning or due to predation. However, this
nortality rate may not be representative of the popul ation, since
the |argest and, therefore, oldest segnent of the popul ation was
t agged.

Fifteen percent (eight fish) of the radio-tagged rainbow
trout mgrated downstream out of the study area past Roza Dam
O these, five fish were not |ocated subsequently and may have
left the Yakima River. Chapman and May (1986) descri bed
downstream novenents of adult rainbow trout past Kootenai Falls
(all egedly inpassable to upstream migrants) in Mntana as
col oni zi ng behavior of a rapidly expanding popul ati on. The upper
Yakima River Basin historically supported abundant runs of adult
st eel head; however, current populations are nearly extinct
(Campton and Johnston 1985). The decline in abundance of
steel head in the upper Yakima River nmay have increased rai nbow
trout population densities, and fish mgrating downstream may

thus represent colonizers to other habitats.
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Al though steel head and rainbow trout have different life-
history forms, they are both of the same species; therefore,
spawni ng interactions nmay occur in synpatric populations wth
over | appi ng spawni ng distributions and tim ng. Pearsons et al
(1993) speculated that the snmall population of steelhead,
conbined with the |arge population of rainbow trout in the upper
Yaki ma River, increases the probability for spawning
i nteractions. On the contrary, synpatric popul ations of
anadronous steel head and resident rainbow trout in the Deschutes
River, Oregon, occur with little or no spawning interactions due
to spatial and tenporal spawning separation (Schroeder and Smth
1989). During 1993, the spawning distribution and tim ng of
rai nbow trout and steel head overl apped in the upper mainstem
Yaki ma Ri ver and Teanaway Ri ver drai nage. Additionally, Pearsons
et al. (1993) described simlar overlapping of spawning in
Urpt anum Creek during 1990 and 1992, and Big Creek in 1992. ‘ Thus
suppl enented steel head in the upper Yakima R ver Basin nmay spawn,
to some degree, with rainbow trout, since their spatial and
‘tenporal spawni ng distributions overl ap. A 13-year
reintroduction of steelhead fry in Big Springs Creek, a tributary
to the Lenhi River, ID resulted in a reduction in abundance of
adult rainbow trout (Bjornn 1978). If steel head popul ations
increase in the upper Yakinma River Basin, rainbow trout
popul ation densities may decrease, due to conpetition and

spawni ng interactions.
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Appendi x Table A

Taggi ng data for

radi o-tagged rai nbow trout.

Seri al Taggi ng Sur gi cal Length i ght Sex Rel ease
Nunber Dat e Ti me {mm) (gm) Location
(min) (RKm)
D001 5 March 11.8 373 565 230
D002 S March 8.5 348 437 230
D003 8 March 9.3 359 594 211
D004 5 March 12.5 348 448 230
DQ05 8 March 11.0 349 454 211
D006 5 March 10.3 355 546 F 230
DO07 8 March 9.5 365 533 212
ole]e}:] 8 March 15.0 336 447 F 212
DQ09 5 March 7.5 389 560 F 228
DO10 g8 March 10.5 366 570 211
D011 S March 10.0 348 439 F 230
D012 8 March 9.0 354 524 F 211
DO13 5 March 16.5 364 527 230
DO1L4 8 March 13.0 320 371 M 210
D015 8 March 8.5 338 483 F 211
Do16 5 March 17.0 373 571 F 228
DO17? 8§ March 7.1 360 550 F 212
Do18 5 March 9.3 348 473 M 228
DO19 8 March 11.8 362 566 M 211
DO20 5 March 10.7 353 543 F 230
D021 8 March 10.0 337 428 M 211
D022 5 March 7.0 354 509 F 228
DO23 8 March 7.8 370 522 M 211
D24 5 March 6.8 360 546 F 228
DO25 8§ March 11.0 319 313 212
DO26 5 March 11.0 372 588 228
Do27 a March 10.5 355 482 212
D028 5 March 8.2 340 454 228
DO29 8 March 10.0 389 546 M 210
DO30 5 March 11.1 352 457 228
DC31 8§ March 13.8 335 430 F 211
DC32 5 March 10.0 350 515 230
DO33 8§ March 11.7 361 586 F 210
D034 5 March 9.8 339 433 230
D035 8 March 7.9 357 461 212
D036 5 March 9.3 375 567 F 230
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Appendi x Table A Cont i nued.
Seri al Taggi ng Sur gi cal Nunmber Length Wei ght Sex Rel ease
Number Dat e Ti me of (mm) (gm) Location
(min) Sut ur es (RKm)
D37 8 March 15.0 4 326 418 M 211
DO38 5 March 7.3 4 357 530 F 228
DO39 8 March 8.5 3 390 740 F 210
D40 5 March 13.0 3 355 509 M 230
D41 8 March 12.5 4 398 700 F 211
D42 5 March 9.8 3 337 501 M 228
D43 8 March 8.5 3 375 600 M 211
D44 5 March 8.8 4 356 519 228
D45 8 March 9.0 3 337 574 2 1 1
DO46 5 March 8.3 3 343 428 230
D47 8 March 10.0 3 335 317 211
DO48 5 March 10.0 3 349 486 F 230
DO49 8 March 13.0 5 390 637 F 211
D50 5 March 8.0 3 332 455 M 230
D@40 7 April 4 375 492 M 228
D@43. 13 April 9.0 4 520 1434 F 212




Appendi x Tabl e B. Spawning mgration timng and distance, and
spawn timng and |ocation of radio-tagged
rai nbow trout.

Seri al Spawning migration Spawni ng Spawni ng | ocation
nurber dat es di st ance dates river RKm
DOOL 23-26 Mar >7.9 26 Mar Yaki ma 238.9-258.4
DO02 3-6 My 1.0 6-10 May Yaki ma 230.7
D003 8-12 Apr 11.7 12-16 Apr Yaki na 223.3
DOC4 16-20 Apr 0.0 20 Apr-4 May Yaki ma 238.5
DO0S 13-22 Apr 1.3 22 Apr-6 May Yaki na 212.2
D006 13-21 Apr 11.9 21 Apr-4 My Yaki ma 242.0
DoG7 31 Mar-8 Apr 3.1 a-13 Apr Yaki ma 214.8
D008 13-19 Apr 12. 4 19-22 Apr Yaki ma 224.6
DO10 3-6 My 0.6 6 May Yaki ma 212.1
DOo11 8 Mar-5 Apr 7.7 5-6 Apr Yaki ma 235.7
D012 1-16 Apr 20.6 15-22 Apr Yaki na 231.9
D014 25 Mar-Apr 12 2.6 12-19 Apr Yaki ma 219.8
D016 31 Mar-| Apr 1.1 1-5 Apr Yaki na 229.0
DOoL7 16 Apr-4 May 53.4 4-S May Yaki ma 265.5
Do18 19-31 Mar 2.1 31 Mar-13 Apr Unpt anum 0.0
DO20 13-16 Apr >6.9 16 Apr-6 My Cherry >1.0
D21 6-15 Apr >27.5 15-20 Apr Yaki ma 238.9-250. 4
D22 8-22 Apr >10.0 22-26 Apr Yaki na 238.9-258.4
D23 19-31 Mar 17.2 31 Mar-8 Apr Yaki na 224.8
D24 8-13 Apr 1.0 13-26 Apr Yaki ma 228.5
D26 1-6 Apr 8.7 6-8 Apr Yaki na 238.1
D27 29 Apr-3 May 0.3 >3 May Yaki ma 212.5
D28 8-20 Apr 0.8 19-22 Apr Unpt anum 0.2
D29 10 Mar-12 Apr 87.2 12 Apr Yaki na 298..8
DO30 23-26 Mar 5.6 26-31 Mar Umptanum 1.6
DO32 22-28 Apr 13.4 28 Apr-4 My Yaki ma 242.8
D34 16-29 Apr 1.8 29 Apr-6 My Yaki na 231.5
DO36 8~19 Apr Y-20. 8 19 Apr-3 My Yaki ma 251.0-258.4
DO37 13-16 Apr >46.3 >21 Aps Yaki ma >258.4
DO38 8-12 Apr 4.0 12-13 Apr Yaki ma 232.0
DO39 25 Mar-21 Apr 83.7 21-27 Apr Yaki ma 294. 4
DO41 6-21 Apr >75.1 21-23 Apr Teanaway >3.2
D44 20-22 Apr 7.4 22-28 Apr Yaki na 236.7
D45 22 Apr-6 My 6.6 6-10 May Yaki na 217. 4
DO45 20-21 April >8.8 21-25 Apr Yaki ma 238.9-258.4
D048 6-8 Apr 5.6 8-12 Apr Yaki na 235.4
DO49 19-24  Mar 26.5 24 Mar-1 Apr Yaki ma 238.0
DO60 16-25 Mar 2.4 25-31 Mar Unpt anum 0.6
D@43 28 Apr-S May >75.6 5-11 My Teanaway >3.2




Appendi x Table C
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Prespawni ng hone
range and postspawni ng behavi or

r ange,

post spawni ng

t agged rai nbow trout.

hone

of radio-

Seri al Pr espawni ng Post spawni ng Postspawning
nunber hone range (Rkm) hone range (Rkm) behavi or
D001 229.9 Post spawni ng  di sappear ance
DQ02 229.8 230.7 New hone range near spawning |ocation
D003 211.6 Post spawning nortality
D004 230.4 238.5 New home range near spawning |ocation
DG0OS 210.9 212.1 New hone range near spawning |ocation
D006 230.9 Post spawning nortality
Doo7 211.7 205.8 Bel ow Roza Dam
D008 212.2 211.1 New hone range near prespawning hone range
D010 211.4 211. 4 Returned to prespawning honme range
DO11 228.0 234.9 New hone range near spawning |ocation
Do12 211.3 212. 4 New hone range near prespawning hone range
D014 210.8-217.2 219.8 New hone range near spawning |ocation
D016 228.6 228.5 Returned to prespawning hone range
D017 212.1 213.8 New hone range near prespawning hone range
D018 226.1 229.4 New hone range
D20 231.2 Post spawni ng  di sappear ance
D021 211.6 Bel ow Roza Dam
no22 228.2 228.2 Returned to prespawning honme range
D23 207.6 209.6 New home range near prespawning hone range
D24 227.0 227.0-227.4 New home range near prespawning hone range
DO26 229.4 Bel ow Roza Dam
D27 212.1 212. 4 New hone range near spawning |ocation
D28 225.7 227.5-220.5 New horme range near prespawning hone range
D29 211.6 Postspawning nortality
DO30 229.0 213.7 New hone range
DO32 229.4 231. 4 New hone range near prespawning hone range
DO34 229.8 231. 4 New hone range near spawning |ocation
DO36 230.3 231.1 New hone range near prespawning hone range
D37 212.1 Post spawni ng  di sappear ance
D038 228.0 Post spawni ng  di sappear ance
D339 210.8 210.3 Returned to hone range
DO41 211. 4 211.1 Returned to hone range
D44 229.3 229.3 Returned to home range
D45 210.8 210.5 Returned to honme range
DO46 230.3 229.8 Returned to home range
D48 229.8 230.2 Returned to home range
DO49 211. 4 210.3-211.3 Returned to hone range v
DCB0 226.6 228.6 Post spawning nortality
D@43 213.8 Bel ow Roza Dam




